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3 Difficult separations

“The Book of Life starts with a man and a woman naked in a garden. 
It ends with Revelations.” (Oscar Wilde)

This talk, despite its title ‘Difficult separations’, does not address the
topic of traumatic divorce proceedings. I mean initially to introduce the
topic of separations as applied to extracting energy out of the ground.
After that I shall give three examples of how efficient separations
hopefully will mean we do not run out of gas, oil or energy, in our
lifetimes at any rate. Now that the oil price is appreciably higher, industry
can really afford to let us wallow in ideas and I shall develop the
‘hippopotamus’ concept mentioned in the abstract. 

The first major separations are described in the Bible [1]. Primordial soup
society was one big mess, ‘rotzooi’ or in the original Hebrew ‘tohu 
va-vohu’. Within a few lines of launching his Creation Project
(presumably budgeted, expense approved, funded and exempt from anti-
trust regulation), God starts separating things [2] (fig. 1). He/she starts
with separating the light from the dark, the heavens from the earth, water
from dry land and so forth. The general principle of separations had been
established. Unfortunately the Good Lord forgot a number of separations
which would have saved us a lot of trouble in the 21st century – but still
who am I to deny that it has given me a living? So at that juncture let us
preview what are these three energy resources that we would like to
extract from the substrata of the earth, irrespective of whether they are
derived from genuine geological sedimentation built up trapping organic
matter, or whether a cunning Supremo entity has deluded us by making
it appear so. 
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- Gas: a nice clean source of energy, except that increasingly the
remaining gas is not really pure and contains undesirable components
like CO2 and H2S which we wish to separate out.

- Oil: everyone’s best friend – the problem is that in any particular oil
reservoir most of the oil is not extracted from the ground. Plenty of oil
remains in the ground – it is just that not enough attention has been
given to getting it out.

- Heat: there is ample heat to be extracted out of (thus, separated from)
the earth but that is quite a tricky exercise.

The Lord gets

separating*.

figure 1

* The Lord gets separating: from the sublime to the ridiculous. Genesis ch. 1 v. 4 where

God starts off  with separating light and darkness, followed shortly thereafter by water

and dry land. It rapidly degenerates after this however, and forgetting about gas

decontamination, enhanced oil recovery and geothermal energy God ends up separating

milk from meat during dinner – although a notable Jewish scholar [3] (Woody Allen)

hypothesized that God merely intended these things not to be eaten together at certain

restaurants.
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“Old Mother Hubbard, Went to her cupboard, To get her poor dog 
a bone.” (Mother Goose Nursery Rhymes)

Gas as a fuel is popular big time these days. Of course the consumer still
produces CO2 but considerably less than in burning oil products or
worse, coal. The gas that issues from the ground however is not ready for
domestic or industrial uses. It typically contains liquid as well as gaseous
components[4]. The former are water plus some volatile hydrocarbons
which can be removed by cooling the gas.

The problems are presented by the gaseous contaminants. These are
usually one or both of two species: carbon dioxide (CO2) and hydrogen
sulphide (H2S). CO2 is not actually poisonous but if there is too much
the natural gas will simply not burn. Hydrogen sulphide by contrast does
burn quite nicely but it is exceptionally poisonous. 
How dirty is the contaminated gas? Until now there has been sufficient
gas easily tapped which is only lightly contaminated i.e. <15% impurity,
and the standard cleaning technology was developed for these reserves.
When oil companies found gas reservoirs with more contaminants than
they could handle they nonchalantly sealed them off and devoted their
efforts to finding less contaminated gas sources. Until now this has
worked quite successfully, but no longer. Demand for gas is increasing
beyond the capacity of the sources of clean gas so the need is to start
cleaning up contaminated reserves. Gas fields with a high proportion of
contaminants, hitherto ignored, often still have amazingly large and
tempting reserves of methane (the desirable component). 
Unfortunately however, the managers of technology are only now
addressing – or as they call it, ‘resourcing’ – these issues. There is no
current technology which can satisfactorily clean the gas from
contaminated gas fields. This is attributable to the three month horizon
of the financial people who drive business. They do not look ahead to
future problems and the technology that may be required. Anyone with a
knowledge of nursery rhymes knows of this situation [5].
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“Old Mother Hubbard
Went to her cupboard
To get her poor dog a bone

But when she got there
The cupboard was bare
The poor little dog had none”

That is not Aesop and I am not Freud so I leave it to the observer to work
out the analogous relationships of Mother Hubbard, the dog and the
bone to gas companies, their clients and innovative technology, 
a one-to-one mapping would not be far off the mark. 
The existing standard amine technology can handle contamination only
up to roughly the aforementioned 15%. This is far below the level of
contaminants in many gas fields, posing the challenge of devising
another and cheaper method of separation.



Going dizzy for gas
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In fact, a number of methods are being investigated: there are various
types of gas adsorbing crystal systems, there are membranes… but a few
years ago, at Shell the imp of perversity prompted to me to suggest to the
Shell Gamechangers (a mechanism for innovation) that we should look at
mechanical separation of gases by centrifugation. 
The principle of that separation technology is not rocket science but the
experience of the child in the playground on a roundabout/carrousel. 
It works on a very simple principle. Some may recall an entertainment
much favoured by teenagers in the 70’s and 80’s (it was banned in the
90’s because of the health and safety mafia i.e. the fun Calvinists). In a
cylindrical room, the alleged pleasure seekers line up with their backs
against the cylindrical wall. The room starts to spin and the floor falls
away with the victims stuck like flies to the wall. This thoroughly nausea
inducing device was called the Rotor and as the rotation slowed to stop,
the passengers slid greasily down the wall into a dishevelled heap.
Adolescent fun will never be the same again. 
The same principle applies to spinning a gas in a gas centrifuge (fig. 2).
All the molecules are impelled towards the rotating side wall. 
The pressure builds up at the wall with the partial pressure of each
species present determined by the molecular weight. If two species are
present then the heavier species has a faster pressure build-up with
radius, leading to differential concentrations along the radius. In order to
counterbalance this centrifugal force the concentrations of the species
adjust with the heavier species concentrating near the wall and the lighter
species near the centre. 
Gas centrifuges have been used mainly for enriching uranium, a fact that
has recently impinged on public awareness in matters Iranian. 
The uranium centrifugal separation is applied where the molecular
weight difference between the isotopes is 3 units. For methane and CO2
it is 10 times as large. In the laboratory, this separation works quite well,
but it is rather slow [6]. In any chemical or physical conversion process
there are two parameters that are important: the maximum possible
equilibrium separation, determined by thermodynamics, and the speed
of the process, the kinetics. This latter factor is important because it
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basically determines how large is the flow of gas that can be handled. 
In the case of a natural gas well, there are typical flows of 500 tonnes/hr.
That is a lot of gas, on the order of half a million cubic metres per hour
at atmospheric pressure. Supposing it is found that the process takes 
5 seconds to separate the gas and there is a reasonable diameter pipeline,
say 24 in., then the speed of the gas flow is around 14 m/s and 70 m. of
rotating equipment will be required. That is clearly not realistic. A faster
process is needed. 
One way in which one could speed up the process is to revisit the effect 
I mentioned earlier of pressure increase towards the wall [7]. CO2 is the
heavier component which ends up nearer to the wall in the desirable
high pressure region. There is an interesting effect which is
comparatively easy to induce in a high pressure gas mixture where the
CO2 concentration is being increased. That effect is condensation. As the
pressure rises or as the concentration of CO2 increases a phase
separation occurs (fig. 3). A gas phase rich in methane is formed near the
centre and a liquid phase rich in CO2 is formed at the wall. Because the
liquid is so concentrated in CO2 the concentration gradients are
increased which should speed up the process.
Studying this effect we found that the process indeed speeds up – but
unfortunately only by a factor of around 2 – not nearly fast enough to
handle the large flow of gas[7]. In this process the centrifuge is actually

The gas centrifuge.

figure 2
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doing two things at the same time. In the gas phase, methane and CO2
are being separated, while near the wall, we are utilizing compression to
exceed the so-called dew-point pressure. This leads to condensation of a
CO2 rich liquid leaving a CH4 rich gas. In fact, two processes are being
attempted simultaneously in one unit: separation and compression. 
One of the fundamental notions in process engineering is that of the unit
operation: if you are performing two operations in one process then you
cannot separately optimize them. It is far better to conduct them
separately in two different boxes and then separately tweak them for
optimal performance.
This is the process that Shell and TU/e are currently developing [8]. 
Now, instead of simultaneous centrifugal separation and compression/
condensation, we start with a condensation process followed by the
centrifugal separation (fig. 4). In this process we make use of the
naturally occurring enhanced pressure condition of the gas when it
issues from the ground. Typically gas pressures in reservoirs can be as
high as a few hundred bars. This is usually reduced to pressures on the
order of 100 bar at the surface. By expanding the gas to a lower pressure,
it is cooled and condensation occurs. Since the density difference
between the condensed CO2 rich liquid and the methane rich gas is
much higher than the difference between gaseous CO2 and methane, 
the separation is accomplished much more quickly.

The condensing

centrifuge.

figure 3
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As in the earlier version of the process, the thermodynamics and kinetics
are important. There are actually two types of separation here:

- separation of phases consisting of a methane rich gaseous product and
a CO2 rich liquid waste, determined by thermodynamics.

- spatial separation of the gas and the liquid stream, a kinetic effect.

In the first centrifuge we were relying on the different densities of pure
CO2 and pure methane, a factor difference of 3. In our process, we first
condense to a rich CO2 waste liquid and the density difference is now on
the order of 1000. Bert Brouwers’s device, the rotational particle
separator, is basically a spinning bundle of straws and this results in a
much shorter distance to the rotating wall than in a gas centrifuge or
cyclone. This means that whereas the gas centrifuge had to spin at ca.
32000 rpm, the rotational particle separator does not need to go any
faster than a washing machine [9]. One other result is that we believe we
can separate very small droplets so the need is obviated for delay as they
coalesce. Just how long these little droplets of liquid take to grow in our
system is one of the unknowns that we are currently studying in the
experimental setup in Shell Amsterdam with the involvement of four
PhD students from Eindhoven who will address issues like the separation

Condensed

contaminant

centrifugal

separation.

figure 4
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process, droplet growth, scale-up issues and application to removing H2S.
That just about covers what I want to say about separating contaminants
out of natural gas. The process is now into exploratory research focused
on the technique rather than the earlier phase of generating possible
solutions. I now wish to talk about a more metaphorical type of
separation, that of oil from the ground.



The dying gusher
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“The truth is rarely pure and never simple. Modern life would be very
tedious if it were either, and modern literature a complete
impossibility.”[10] (Oscar Wilde)

When I moved from the Shell downstream business to the upstream
world of Exploration and Production a few years ago, I laboured under
the impression that oil was found in large underground swimming pools.

We’ll leave the other

90% of the oil in the

ground for the next

generation (Source:

The Royal Dutch Shell

Group). 

figure 5
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One simply drilled through the roofs of these subterranean caverns and
with a good pump you could extract the oil leaving nice empty caverns
behind. The truth apparently is something else. Oil is of course located
inside a sedimentary rock matrix where the combined effects of pressure
and temperature on organic material trapped in the rock – the reservoir –
have led to chemical conversions, initially into oil and then into gas. 
The combination usually means that the oil is initially present at
sufficient pressure, when a hole is drilled from the surface, to produce a
‘gusher’ – the initial spurt of oil familiar from pictures issuing from the
so-called ‘producer’ well (fig. 5).
Unfortunately, although there may appear to be a great volume of oil
coming out of the ground in the photographs, only a relatively small
fraction of the oil in the ground is recovered in this so-called primary
drive phase of oil production. What fraction of the oil is actually
recovered? In the usual cagey unspecific wording of scientists, that
‘depends’. An order of magnitude figure would be roughly 10% of the oil
emerging out under its own pressure. So some 90% is left behind.



Adding energy
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In order to extract a further fraction of the remaining oil, energy has to be
supplied to the subsurface reservoir to push out the oil which is still there.
This is the process of so-called enhanced oil recovery and involves drilling
more wells down which water and various other materials can be
pumped. Remember that the oil is trapped in sediment. The object of
these so-called ‘injector’ wells is to introduce gas, water, steam or
chemicals to dislodge the oil from the micropores as well as to ensure that
the oil is nicely displaced to the ‘producer’ well where it can be collected.
In an ideal world, water is pumped down the injector well and the perfect
water ‘flood’ ensues whereby oil is displaced from the reservoir and
driven towards the producer well where it is pumped up[11]. The problem
is that the sedimentary rock layer in which the oil is contained, is not of
uniform porosity – and thus not of uniform permeability. This means
that the water front does not move uniformly through the rock. In some
places the water front advances ahead of the rest and eventually reaches
the producer well (fig. 6). 

‘Fingering’ during

water flooding in

enhanced oil recovery.

figure 6
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At this point we start to produce water at the production well and the
other locations of the reservoir where oil is located do not get swept. 
The water has found a path from the injector well, through the more
permeable portions of the reservoir to the producer well, and the oil is
not pushed out from the less permeable regions of the reservoir. 
At this point various other techniques can be used. Gels can be pumped
down to block the more permeable sections of the reservoir so that water
is directed only to the less permeable regions. Other chemicals can also
be used to change the various surface and interface wetting
characteristics to extract the oil. However even with these ‘tertiary
recovery’ techniques beyond the unadulterated ‘water flood’, we can only
recover another 20 to 40% of the oil. This leads to the rather amazing
conclusion that far from running out of oil, something on the order of
over 50% of the oil ever found in the world is still sitting there in the
ground. The technology simply is not there to get it out.



Pumping honey
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Of course with oil prices rising, it is now possible to spend rather more
money on the technologies which may help to recover more oil. One way
to do this would be to use a fluid which recognizes when the rock
permeability is high and automatically gels when that happens. The idea
of some fluids responding to forces which act on them (as when water is
forced through permeable rock) is not at all strange. Consider the paints
purchased in any doe-het-zelf store such as Praxis or B&Q. When the
paint is stirred in the opened tub, the resistance decreases the longer you
stir. Such a fluid thus exhibits a viscosity that decreases with time and is
labelled by rheologists as thixotropic. Other fluids have a viscosity
decrease irrespective of the time duration of stirring and purely
dependent on how hard you stir. These are shear thinning fluids; 
the harder you stir, the faster layers of fluid slide over one another (i.e.
higher shear) which results in decreasing viscosity.
It has long been recognized that a material which behaves the opposite
way, a shear thickener would be desirable for application during water
flooding for oil recovery[12]. One can think of a permeable rock as
containing tiny capillaries of varying bores. The more permeable regions
correspond to large bores with low resistance. In a large bore capillary,
the shear at the wall is higher than in a small one. To increase the
resistance in these large capillaries we need to increase the viscosity
when the shear is high. So what is wanted in an oil reservoir during
water flooding is a shear thickener. 
There are problems however when attempting to apply this approach.
Although there are many materials developed as shear thinners, the work
on shear thickening is much more restricted. Moreover, whereas for
shear thinning, quite good effects can be reached with small amounts of
chemicals, for shear thickening considerably higher quantities are
needed. More importantly a shear thickener will backfire, because the
region in the reservoir where the shear is highest is actually in the
producer well, exactly the region where the flow should be unrestricted.
There may be effective sweeping behaviour of the water flood inside the
reservoir with a shear thickener but it is hopeless if it all turns to honey-
like consistency when trying to pump it up the producer well bore.



Shear induced structures
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“Door meten tot weten.” (Heike Kamerlingh Onnes)

In the search for low concentration viscosity enhancers, I came across
recent work on a new class of materials by the name of shear induced
structures [13,14]. The recipe basically consisted of two chemicals. One
was a kind of surfactant soap-like material which showed unusual
viscosity effects when mixed with sodium salicylate. There seemed to be
endless rheological discussions about how these materials worked but
what was interesting was that they showed thickening and thinning
properties over different ranges of shear. 
Unfortunately, the experiments described by other workers were all in
highly idealized flow cells and perfect pipes where the shear is well
defined. The translation of this into application to permeable flow in a
rock is not obvious, i.e. what is the relationship between the microscopic
property shear γ and the bulk property permeability κ? This is a relatively
obscure area of rheology rather summarily and formally handled by just a
few textbooks [15]. At this point, the pontificating theories to ‘explain’
various obscure experiments in the literature lost my interest and I
thought it easier just to try it. One can go on and on speculating and end
up with the usual ‘paralysis by analysis’. On the other hand one can be
inspired by the Dutch physicist Kamerlingh Onnes and just go and give it
a try: ‘door meten tot weten’. 
The experiment is actually very simple and is a variation on the classic
problem of measuring flow under a given pressure drop in a permeable
medium. For a normal flow, as indeed Darcy observed when he
formulated the behaviour 150 years ago when looking at flow in fountains
and filters, the greater the pressure drop, then the greater the flow.
Testing a range of pressure drops ∆p over a length of rock ∆x, provides a
graph of pressure against velocity u.

m
∆p =    ∆x u

k
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so the slope of the graph is inversely proportional to the permeability κ
of the rock (and proportional to the fluid viscosity µ). When a very weak
solution of the chemicals concerned in water is pumped through, the
linear Newtonian response switches to a non-linear one. At a fixed
pressure the velocity of the water flow is reduced. 
Very nice. However the real magic is what happens when we compare
this effect in a low permeability and high permeability rock (fig. 7). 
What we found is that the retardation of water is relatively greater in the
high permeability zone than in the low permeability one. This means that
there is selective retardation of the flow through the highly permeable
regions, effectively flattening the profile which was shown above and
where water breaks through into the producer well.
Contrary to what certain product developer colleagues might think, this is
not ‘voila, we have solved the problem’. All we have done is carry out a
few experiments on an idea. What is required now is much broader
research playing-around-time, and persuading people in industry that
this is required is a devil of a job to which I shall return shortly. 
A number of fluid flow aspects of this oil recovery process will be studied
here at Eindhoven. I now want to conclude my examination of subsurface
separations with resuscitation of an idea which more or less peaked a few
years ago, which is not really being developed now, but which I think
could be fruitfully considered again. 

Selective flow

retardation of a fluid

in a high permeability

(Berea) and a low

permeability

(Fontainebleau) rock.

figure 7
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Pumping hot cracks
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Geothermal energy plants are well known in volcanic areas like Japan,
California and Italy. Subsurface heat of this nature is available anywhere.
Anyone who has been down a coal mine knows that the temperature
goes up – typically an average 3°C for every 100 m of depth. 
To separate the heat from the earth, a fluid medium is needed to
transport it to the surface. This is most commonly water and the majority
of existing facilities make use of the fact that water is already present.
However this synchronous existence of heat and water happens at only a
fraction of the sites where favourable thermal gradients exist. If there is
no water present, an external supply can be used, the so-called hot dry
rock concept: an external water supply is pumped down an injector well
then through a fracture network to a producer well. As in fig. 8, the
system is already starting to look rather similar to the water flooding
described in the enhanced oil recovery example. 

Hot dry fractured rock

for geothermal

energy.

figure 8
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The parallel is valid even to the extent that excessive ‘fingering’ occurs
during passage of the water from the injector to the producer well. 
This means that water finds its way too quickly from the injector to the
producer and does not adequately heat up. However whereas in the oil
reservoir case this is due to high permeability paths through the
reservoir, in the geothermal case it is due to large fractures. In the oil
case the ‘short circuit’ is due to a low resistance/high permeability zone.
In the case of the geothermal reservoir, the high conductivity is due to a
large fracture which acts as a ‘thief zone’, diverting all the water through
it. Thus the flow is mainly through large cracks whereas we want all the
flow to be in small cracks. Small fracture paths restrict the flow of water
so that it has enough time to warm up and also ensures maximum heat
transfer from the rock to relatively small volumes of water. The water
then emerges at a temperature as close as possible to that of the 
hot rock. 
There is one advantage of flow through fractures which was not
applicable for permeable medium flow. When looking at the oil problem,
we needed to relate permeability and fluid shear. In the geothermal case
the fluid shear is well defined because the flow really is through
fractures. We ended up using the fact that the shear at the wall γw of a
fracture is proportional to the diameter d of that fracture

d ∆p
gw =

2m ∆x

In laminar flow there is a rather obscure effect known as orthokinetic
agglomeration [16]. If small particles are floated in a laminar stream,
then shearing the flow increases the number of collisions between the
floating particles. Increased collisions of particles leads to agglomeration.
Since the frequency of the collisions is dependent on the shear this
should lead to enhanced agglomeration at the wall in large fractures. 
This effect is primarily of interest because it is what governs the clotting
of blood inside capillaries and vessels. However it occurred to me that it
could also be applied to the problem of selectively blocking large fractures
in geothermal reservoirs.
Initial experiments were interesting if not world shattering. It was a neat
idea and we were developing it when… unfortunately, just at that point,
the Geothermal Project was vetoed and the research had to stop. It is
certainly one area which I am hoping to develop here further at TU/e.
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One can see that an oil and gas company is not going happily to launch
basic research in solving these problems. Unfortunately the view that
research is not an activity which gives big wins in the short term is
something which has inhibited innovation in just those areas where there
is the chance of eventual utilization. It is back to Mother Hubbard, 
the dog and the boneless cupboard. I want to conclude with some
comments on these issues. 
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“Not everything that counts can be counted and not everything that
can be counted counts.” (Albert Einstein)

I looked here at three separations of energy sources from the Earth. 
The first one concerns a simple separation of the contaminants from
natural gas. Rather closer to pure research was the idea of ‘smart’ fluids
which automatically adjust to the rock permeability during enhanced oil
recovery. Finally I looked at matches from these ideas to the possibility of
using geothermal energy. These research topics find themselves located
at different positions in the technology pipeline, which is the current
business way of talking about getting ideas from research, via
development into real application.
Research is not an activity which generates results immediately
applicable within the limited attention span of corporate accountants and
those installed to follow their bidding. This has, I feel, to be blamed on
the instant gratification culture (amusingly called the ‘performance’
bonus) that permeates business culture a ce moment [17]. No corporate
pion looks further than the 3-monthly projection spreadsheet. This I fear,
has permeated even unto the doors of academe. Thus, the mind-
numbing mediocre process of innovation strategy management has been
taken up by some universities who think they are being hip. Not a good
idea. Corinne Maier notes that there are only two strategies – doing what
you did before or doing something else [17]. If you are going to push
people for the quick result and give them no time to dream then you are
not going to get fantastically innovative ideas. And indeed the peer
pressure (fig. 9) is predominantly to go for ‘small wins’, because big ones
are risky. 
There is fortunately now some limited recognition that ‘small wins’ are
of only limited interest – and that the big wins require exploration of
ideas which may not look immediately promising. These require the time
and resources for researchers to play around, exploring apparently
unconnected prospects while understanding the general direction in which they
are heading. However the problem remains with a corporate management
which is so focused on the main aim, that it fails to understand the
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importance of lateral thinking whereby people, given the space and
resources to address one problem, may come up with something
different. In fact, I do not care for the term ‘lateral thinking’ as it still
sounds too vectorial. The Freudian term ‘free association’ is infinitely
preferable [18]. 

In the middle of writing these comments I was persuaded by one of my
Groen Links pals, of whom I have none, to go and see the Al Gore film
‘An Inconvenient Truth’. I reluctantly agreed and listened to Mr. Gore’s
message of doom-laden global overheating. What strikes me in that film
is the restricted expectation of what is possible. It is assumed, that at
best, some mitigation will only slightly bend the cusp of the upward rise
of CO2 and that this mitigation will still require a lot of pain even using
existing technology.

Laboratory peer

pressure (Source:

Gary Larson ‘The Far

Side Gallery’,

Andrews, McMeel and

Parker, Kansas). 

figure 9
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Rather than accept that existing solutions to the problem would have to
be applied with some pain, I went the next day to see the morally much
more compelling ‘Borat’. Struck by Mr. Baron Cohen’s subtleties [19] it
occurred to me that no scientist I have heard of has thought of
addressing the notion of how we could remove the excess CO2 from the
atmosphere. I realize that it is an impossible separation problem to go
downwards from 0.0385% concentration CO2 in the atmosphere.
Separation science would say ‘impossible’ and no doubt within 
5 microseconds of the proposal, global modellers would be shouting
about the 50 or whatever times as much CO2 that is in the ocean and all
the dynamic stress for Gaeia etc etc. Difficult separation challenges need
more time and indulgence from their sponsoring patrons to come up
with a solution.
The basic problem of that kind of research is that everyone is looking for
improved understanding rather than finding solutions, and perhaps that
is what irritates the accountants. It is reminiscent of the problem of gas
hydrates – the huge rather scattered deposits of gas tied up in the deep
sea and also inland permafrost. Mind-boggling quantities of research
have been devoted to understanding how they come into existence, their
characteristics, structure etc. but relatively little has been done on finding
really novel technology to get the gas out of them economically. To echo
Kamerlingh Onnes’s poetic proverb quoted earlier: it is all assess without
address. In fact, one suspects that the climate change spread-sheet jockeys
are rather like the hydrate ones, they don’t want a solution to the
problem, because then their speciality will no longer be sexy and they
might have to find something else. 

I do not see how it is feasible to reduce the current 0.0385%
concentration of CO2. But then again, the ozone layer problem did seem
intractable once. When I was at University, AIDS threatened us with an
epidemic of rampant chastity on student life… and yet, within a few
years, some mitigation was found – not a cure, but a way to live with it,
or at least some improvement on the way we were living with it before. 
Note that this is thanks to the pharmaceutical industry which, along with
electronics, is the intensive R&D industry. 

Will the current CO2 problems be addressable by the current research
management climate in the energy business? There are some signs but
much more needs to change. Industrial researchers need cogitation
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space. For that reason I want to close with the attached still from the film
Fantasia (fig. 10). It uses the ballet sequence ‘Dance of the Hours’ from
Amilcare Ponchielli’s potboiler opera ‘La Gioconda’. However Walt
Disney has improved on the original concept, effete ballet dancers are
now replaced with a troupe of graceful hippopotami who prance around
evading the attention of some not very bright crocodiles. Again you are
invited to make an imaginative mapping between researcher–corporate
manager and hippo–croc. In the end of course, the hippo and croc are
resolved in a touching pas de deux and conclude with a triumphant galop
(cum Can-Can), an infinitely preferably model of research in industry. 

The relationship

between corporate

manager and

corporate research

scientist is often

ambivalent (Source:

‘Fantasia, a Walt

Disney film, 1939).  

figure 10
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